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Specifications 

1. Title of Invention 

Focus Detecting Optical System for Optical Disk Device 

2. Claims 

[1] A focus-detecting optical system for an optical disk device characterized by incident 
light (3) from a light source (1) that irradiates a recording medium (2) vv^ith a focus- 
detecting optical system for an optical disk device that detects reflected light (4) from 
said recording medium (2) by means of a trisected photodetector (5) and w^hich interposes 
a scattering surface (6) whereby said reflected light (4) from said recording medium (2) is 
simultaneously transmitted and scattered into the optical path of the reflected light (4) 
that reaches the trisected photodetector. -291- 
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[Continued from P.l] 

3. Detailed Explanation of Invention 
[Summary] 

Relative to the focus-detecting optical system for an optical disk device, and with 
the objective to reduce crosstalk from pre-group formed in the recording medium above, 
the invention is composed of incident light from a light source that irradiates a recording 
medium with a focus-detecting optical system for an optical disk device that detects 
reflected light from said recording medium by means of a trisected photodetector and 
which interposes a whereby said reflected light from said recording medium is 
simultaneously transmitted and scattered into the optical path of the reflected light that 
reaches the trisected photodetector. 

[Industrial Field of Application] 

This invention concerns an optical disk device, and in particular concerns a focus- 
detecting optical system for an optical disk device. 

[Conventional Technology] 

In general, in an optical disk device, in order to regenerate a recording with 
maximum accuracy from a recording medium, the focus of incident light of the recording 
for continued use is controlled in a way in which it merges precisely on the recording 
surface of the recording medium. This control detects positional error of the position of 
the recording surface of the recording medium and of the focus of incident light by means 
of a focus-detecting optical system and a focus error signal operating device (known 
hereafter as an FES operation device). From the FES operation device a focus error 
signal (known hereafter as FES) with a signal value that corresponds to that position error 
is output and this the FES is input into the servocontrol mechanism that controls the focus 
position and is performed in such a way as to remove said positional error. 

03-268241 (2) 

As shown in the example of Figure 4, said focus-detecting optical system 
introduces incident light 3 from a light source, produced from, for example, coherent 
light such as a laser beam on a recording surface of a recording medium (optical disk) 2 
and introduces it to a beamsplitter 7, a mirror 8 , and an object lens 9, and this incident 
light 3 introduces reflected light capable of reflecting at the recording surface of a 
recording medium 2 to an object lens 9, mirror 8, beamsplitter 7, and convergence lens 10, 
whereby light received by the trisected photodetector is formed. 

As shown in the example of figure 2, said trisected photodetector 5 is established 
with 3 identical flat optical reception surfaces 5a, 5b, and 5c in a row and arranged in a 
way in which the main share of reflected light 4 is received through the central optical 
reception surface 5b, and also through the light reception sections of 5a and 5c on either 
side. 

Also, the FES operation device inputs the output of each optical reception surface 
5a, 5b, and 5c, calculates the error of focus of incident light with the recording surface of 
the recording medium, and is constructed in a way that a FES with a signal value that 
corresponds to this error is output. 



2 



[Continued from P.2J 
In this case, when the focus of incident light and the recording surface of the 
'recording medium are consistent, a just focus, the configuration is also one wherein the 
trisected photodetector is arranged in a position (shown by the hypothetical line in Figure 
4) so that total volume of light received by both optical reception surfaces 5a and 5c 
equals light reception volume of the central optical reception surface but, in order to 
improve detection sensitivity, with a just focus, the trisected photodetector is arranged in 
a position (shown as a solid line in Figure 4) so that total volume of light received by 
both optical reception surfaces 5a and 5c is less than the light reception volume of the 
central optical reception surface b, and , by means of an FES operation device, the 
configuration wherein the amplified value that multiplies the appropriate gain in total 
light reception volume of both optical reception surfaces 5a and 5c to equal the light 
reception volume of the central optical reception surface b, is used frequently. 

[Problem Solved by the Invention] 

In order to control tracking on the recording surface in the recording medium 2, 
there are numerous pools known as pre-groups that are formed by concentric states on the 
recording medium 2. 

In a situation where the space between a focus-detecting optical system and a 
recording medium is fixed, when the irradiation point (optical spot) of incident light 3 
crosses said pre-group, the volume of reflected light 4 is indicated, as shown in numbers 
1 through 4 in the example in Figure 5 wherein the light reception state of the trisected 
photodetector 5 changes. 

That is, in a conventional focus-detecting optical system for a light disk device, as 
shown in Figure 5, the illuminated points and dark areas line up in a grating form on the 
optical reception surface of the trisected photodetector 5 to create illuminated areas with 
illuminated points that overlap each other by means of reflected light in numerous areas 
(white areas in the drawing previously indicated) and to create a dark area (diagonal line 
in drawing previously indicated) smaller than the expanse of illuminated points in the 
area where there is little reflected light. When the optical spot irradiates one side of the 
pre-group, the result is that the entire body becomes an illuminated area as shown in 
Number 1 , Furthermore, as shown in Numbers 2 through 4, as the center of the optical 
spot advances toward the center of the pre-group away from a location, the dark area on 
each optical reception surface of 5a, 5b, and 5c increases in order from one side to the 
other thus, when the optical spot centers on the pre-group, as shown in Number 5, the 
central part of the optical reception areas of each optical reception surface of 5a, 5b, and 
5c becomes dark, and as the optical spot advances away from the center of the pre-group 
toward a location on the opposite side, as shown in Numbers 6 through 9, the illuminated 
area near the center from one side of the optical reception areas of each optical reception 
surface of 5a, 5b, and 5c increases and, when the optical spot is on the completely 
opposite location, as shown in Number 10, the optical reception area of each optical 
reception surface of 5a, 5b, and 5c becomes completely illuminated. 

The result, as shown by the FES line in Figure 3 (b), is that when the optical spot 
crosses the pre-group, the FES output is identical to the case where the focus on the 
recording surface of the recording medium quickly reaches maximum range of O.S^m. 

-292- 
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[Cont'd from P.2J 

In this way, when the optical spot crosses the pre-group, the change made to the FES is 
called crosstalk and its size is called crosstalk volume. 

Due to this crosstalk, not only does the servocontrol mechanism make changes to 
the focus position that are utterly unnecessary, it is detrimental to improving recording 
reproducibility. 

03-268241 (3) 

Furthermore, in a conventional focus-detecting optical system for an optical disk 
device, as shown in Figure 5, when the boundary line between the illuminated area and 
the dark area gets close to becoming a convex curved line, and when there is a significant 
difference between the change rate of optical reception volume of the central area of the 
optical reception surface of 5b and the change rate of optical reception volume of both of 
the optical reception surfaces of 5 a and 5 c, the change rate and maximum value of the 
crosstalk volume gets large. 

This invention, having fully considered the circumstances previously mentioned, 
has the objective of providing a focus-detecting optical system for an optical disk device 
capable of diminishing crosstalk by means of a pre-group formed on the recording 
medium. 

[Means of Solving Problem] 

In order to achieve the previously stated objective this invention of a focus- 
detecting optical system for an optical disk device, as shown in the example in Figure 1, 
that irradiates incident light 3 from light source 1 onto a recording medium 2, and detects 
reflected light 4 from said recording medium 2 by means of a trisected photodetector 5 
and which interposes a scattering surface 6 whereby said reflected light 4 from said 
recording medium 2 is simultaneously transmitted and scattered into the optical path of 
the reflected light 4 that reaches the trisected photodetector is considered to be that means. 

[Operation] 

When the optical spot crosses the pre-group, the volume of reflected light from 
the pre-group becomes smaller than the volume of reflected light from the locations on 
both sides of the pre-group, which enables there to be many areas or few areas with 
reflected light volume. When this reflected light 4 is transmitted onto the scattering 
surface 6, due to the diffracted effect of the scattering surface, light is scattered from 
areas in which there is a large volume of light to areas in which there is a small volume of 
light and is detected on the trisected photodetector. As a result, a large expanse of 
illuminated points is produced from the optical reception surfaces on the trisected 
photodetector 5 and, together with the creation of an imprecise boundary between the 
illuminated and dark areas, the distribution of volume of light as a whole is averaged, and 
the difference between the change rate of volume of light received by the optical 
reception surface in the central area and the change rate of volume of light received by 
the optical reception surfaces on both sides of the trisected photodetector becomes 
smaller. 
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[Cont'd from P3] 

[Working Example] ... ... 

Below is an explanation of the working example of this invention based upon the 
diagram. 

Figure 1 is a diagrammatic configuration of a working example of the system of 
this invention's focus-detecting optical system for an optical disk device. 

This focus-detecting optical system provides a light source 1 that irradiates a 
recording medium 2 with incident light 3 and a trisected photodetector 5 that detects 
reflected light 4 capable of being reflected by incident light 3 with a recording 
medium 2 and a beamsplitter 7, a mirror 8, and an objective lens 9 that are established 
in the light path of incident light 3 that reaches the recording surface of the recording 
medium 2 from the light source 1 . Part of the light path of reflected light 4 that 
reaches the trisected photodetector 5 from the recording surface of the recording 
medium 2 overlaps the light path of incident light 3. In other words, reflected light 4 
reaches the beamsplitter 7 from the recording surface of the recording medium 2, 
passing through the object lens 9 and mirror 8 and, after having been split from the 
light path of incident light 3 by the beamsplitter 7, reaches the trisected photodetector 
5 by passing through the convergence lens 10. 

The afore-mentioned trisected photodetector 5 has 3 optical reception surfaces, 5a, 
5b, and 5c that are positioned parallel to each other. This trisected photodetector 5 
meets the center part of the optical reception surface 5b at a 90° angle to the axis of 
reflected light 4, and is positioned in a location capable of optical reception in a way 
in which the peripheral area of reflected light suspends over both sides of the optical 
reception areas 5a and 5c. 

Here, with respect to the optical reception volumes of the 3 optical reception 
surfaces 5a, 5b, and 5c, in the just focus mode, it is preferable that the total of optical 
reception volumes A and C of both side optical reception surfaces 5a and 5c is 
established in a way wherein it equals the optical reception volume B of the center of 
optical reception surface 5b and, at this point, in order to improve the detection 
sensitivity of position error of the focus of the incident light 3 on the recording 
surface of a recording surface, the total of optical reception volumes A and C of both 
side optical reception surfaces 5a and 5c are established in way wherein it is smaller 
than that of the optical reception volume B of the center of the optical reception 
surface b. 

The scattering surface 6 that simultaneously transmits and scatters reflected light 
4 is interposed midway through the optical path of said reflected light 4, more 
specifically, midway through the optical path of reflected light after it has separated 
from the light path of incident light 3. 

This scattering surface 6, made by abrading the surface of a smooth glass plate, 
for example, with a paper file used for glass with a particle size grade of 0.5|im, is 
configured with a surface roughness to the extent that, when inspected, its sparkling 
surface is visible. Also, the scattering surface 6 is able to arrange optional 
discretionary positions midway through the light path of the reflected light 4 and is 
arranged here directly in front of the trisected photodetector in order to produce that 
effect in the easiest and most verifiable way. 

-293- 
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Furthermore, based upon the output of the trisected photodetector 5 of this focus- 
detecting optical system, the FES operation device and the servocontrol mechanism 
are estabhshed in order to control the optical system and to make the focus of incident 
light 3 and the recording surface of recording medium 2 consistent. This FES 
operation device inputs each of the optical reception surfaces Sa, 5b, and 5c, of the 
trisected photodetector 5 and, after the appropriate gain G has multiplied the total 
values of optical reception volumes of A and C of both side optical reception surfaces 
5a and 5c, the optical reception volume B of the center of the optical reception 
surface 5b is subtracted from the value, that is, G (A + C) - B is used to calculate the 
FES signal value and does so whereby the FES with this signal value is output to the 
servocontrol mechanism. Also, the servocontrol mechanism, based upon the input 
FES, is configured to control the optical system in a way in which FES becomes 0. 
With this focus-detecting optical system, when the optical spot of incident light 3 
crosses the pre-group, the volume of reflected light from areas irradiated in the location 
of the optical spot is large, and the volume of reflected light from areas irradiated in the 
pre-group becomes small. However, when reflected light 4 is transmitted to a scattering 
surface 6, the scattering surface 6 acts like a diffracted grating and light from the area of 
greater volume of reflected light 4 to the area of lesser volume is separated and received 
by the trisected photodetector 5. The resuh is the creation of an expanse of illuminated 
points on each of the optical reception surfaces 5a, 5b, and 5c, and, together with the 
creation of an imprecise boundary between the illuminated and dark areas, the 
distribution of volume of light as a whole is averaged. In this way, the disparity between 
the value where gain G multiplied the total of optical reception volumes A and C of both 
side optical reception surfaces 5a and 5c and the optical reception volume B of the center 
of optical reception surface 5b becomes smaller and the change rate and maximum value 
of crosstalk become smaller. 

That is, in contrast to the extent of 0.7|im reached in converting the crosstalk to 
focus error volume (maximum value - minimum value) in the conventional example as 
indicated by the FES line in Figure 3 (b), the conversion of crosstalk to focus error 
volume (maximum value - minimum value) in this working example of less than 0.3ixm 
was less, as indicated by the FES line in Figure 3. 

Furthermore, in this case, in order to effect a change to the light volume (Figure 
5), and control tracking by means of diffraction of the pre-group, when a tracking en-or 
signal (hereafter called TES) that is used by the tracking signal operation device in this 
focus-detecting optical system is requested, when comparing TES line in Figure 3 (a) to 
the TES line in Figure 3 (b), the TES conversion is not considered problematic 
whatsoever when a scattering surface 6 is installed. 

Also, in the afore-mentioned working example, a trisected photodetector 5 is used 
but this invention can also be applicable when a quadrasected photodetector that bisects the 
trisected photodetector's center optical reception surface 5b is used in the central area in 
the direction of the boundary lines of each of the optical reception surfaces 5a, 5b, and 5c. 
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[Cont'd from PJ] 

*♦ [Effect of Invention] 

As in the above, when there is passage of incident light across the pre-group of 
the recording medium, with this invention it is possible for there to be areas with a large 
or small volume of reflected light and, because a scattering surface is interposed in the 
light path of reflected light, due to the diffraction effect of the scattering surface, the 
distribution of light volume, dispersed as light from an area in which there is a large 
volume of reflected light to an area in which it is small, is averaged. Because it is 
possible for there to be little disparity between the change rate of optical reception 
volume of both sides of the optical reception surface in a trisected photodetector and the 
change rate of optical reception volume of the center optical reception surface, it is 
possible to minimize crosstalk and reduce unnecessary action by the servocontrol 
mechanism and promote recording reproducibility. 

4. Simple Explanation of Diagram 

Figure 1 is a diagrammatic configuration of a focus-detecting optical system for 
an optical disk device affiliated with the working example of this invention, Figure 2 is a 
diagram of the front view of this trisected photodetector, Figure 3 (a) is a diagram of a 
crosstalk characteristic line that indicates the focus error volume detected by the 
previously mentioned focus-detecting optical system and a diagram of a tracking 
characteristic line that indicates tracking error volume, Figure 3 (b) is a diagram of a 
crosstalk characteristic line that indicates focus error volume and a diagram of a tracking 
characteristic line that indicates tracking error volume detected by a conventional focus- 
detecting optical system. Figure 4 is a diagrammatic configuration of a conventional 
focus-detecting optical system for an optical disk device, Figure 5 is an illustration of the 
condition of optical reception that indicates the order of change to the condition of optical 
reception of a trisected photodetector when and optical spot of incident light crosses the 
pre-group. 



-294- 



7 



1991-268241 (5) 



Illustration Key: 

1 . Light Source 2. Recording Medium 

3. Incident Light 4. Reflected Light 

5. Trisected Photodetector 

6. Scattering Surface 

Agent: Ikeda Sadakazu 
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5: Trisected Photodetector 

6: Scattering Surface 

4: Reflected Light 

10: Convergence Lens 

1: Light Source 

8: Mirror 

3: Incident Light 

7: Beam Splitter 9: Object Lens 

2: Recording Medium 

Illustration of Constitution of Working Example 
Figure 1 
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[|xm] Focus Error Volume 

[Graph Here] 

(a) Working Example 

5: Trisected Photodetector 

5a: Optical Reception Surface 

5b: Optical Reception Surface 

5c: Optical Reception Surface 

Front View of Trisected Photodetector 
Figure 2 

[\im\ Focus Error Volume 

[Graph Here] 

(b) Conventional Example 
Crosstalk and Tracking Characteristics Diagram 

Figure 3 
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'* 5: Trisected Photodetector 

10: Convergence Lens 

1 : Light Source 

8: Mirror 

3: Incident Light 

7: Beam Splitter 9: Objective Lens 

2: Recording Medium 

Illustration of Constitution of a Conventional Example 

Figure No. 4 



( 1 ) Land (Above) (5) Pre-Group Center 



(10) Land (Above) 



Illustration of Status of Light Reception 
Figure 5 
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PURPOSE:To reduce crosstalk due to a pre- 
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CONSTITUTION:The reflected light 4 comes 
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7, and after being parted from the optical path 
of incident light 3 -by the splitter 7, it reaches 
the trisected photodetebtor 5. The scattering 
surface 6 to transmit the reflected light and 
simultaneously scatter it is interposed on the 
midway of the optical path of the reflected light 
4. When the reflected light 4 is transmitted 
through the scattering surface 6, the scattering 
surface 6 acts as a diffraction grating, and light 
is taken partially, and is received by the 
detector 5. As the result, the distribution of the 
quantity of light is averaged on the whole. 
Accordingly, difference between a value 
obtained by nnultiplying the total of the 
received light quantities of the light receiving 
surfaces 5a, 5c at both sides by gain and the 
received light quantity B of the light receiving 
surface 5a at a center becomes smaller, and 
the rate of change and the maximum value of 
the crosstalk become smaller. 
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